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HEAT EMISSION AND FRICTION HEADS 
OF HOT-WATER RADIATORS 
AND CONVECTORS 


I. LytRopuctiIon 


1. Objects of Investigation—The principal objects of this investi- 
gation were to measure the heat emission rates and the friction heads 
of hot-water radiators and convectors of various sizes and forms; and 
to determine the effect of the following factors on the heat emission 
rates and friction heads: 

(1) The type and size of the unit 

(2) The size of the pipe connections 

(3) The type of the pipe connections 

(4) The velocity of the water 

(5) The temperature of the water. 

A further object was to determine the difference, if any, between 
the rates of heat emission obtained when either steam or hot water 
at the same mean temperature was used as the heating medium in 
connection with the same radiators and convectors. 


2. Acknowledgments——The investigation was conducted as a part 
of the work of the Engineering Experiment Station and the Depart- 
ment of Mechanical Engineering of the University of Illinois in co- 
operation with the American Society of Heating and Ventilating Engi- 
neers and the Institute of Boiler and Radiator Manufacturers. The 
studies were carried on under the administrative sponsorship of DEAN 
M. L. Encrr, Director of the Engineering Experiment Station, and 
of Prorgssor O. A. Leutwiter, Head of the Department of Mechan- 
ical Engineering. 

Acknowledgment is hereby made to Proressor M. K. FAHNESTOCK, 
Research Professor of Mechanical Engineering, who was largely re- 
sponsible for the design and construction of the test plant and who 
also assisted in planning the test program. 

Acknowledgment is also made to Mr. Sam Sacus, formerly Re- 
search Assistant, for services rendered in connection with the design 
and construction of the testing plant, and to Mr. W. 8S. Harris, 
Research Associate, for assistance in the testing program. 
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Fic. 1. SMALL-TUBE RADIATORS 


II. DescrrpTion oF RADIATORS AND CONVECTORS 


3. Radiators——The radiators tested were small-tube radiators of 
various heights and lengths and with different numbers of tubes per 
section. Five of the radiators are shown in Fig. 1. 

For the studies on friction heads the units tested were 

(1) One 19-in., 4-tube, 7-section cast-iron radiator 

(2) One 19-in., 4-tube, 15-section cast-iron radiator 

(3) One 19-in., 4-tube, 22-section cast-iron radiator. 


4. Convectors——The convectors tested included one cast-iron con- 
vector, housed in a ¢abinet about 26 in. high by 57 in. long by 6% in. 
wide, with outlet air grille in the top of the cabinet, shown in Figs. 
2 and 3; and one non-ferrous convector, about 36 in. in length, shown 
in Figs. 4 and 5. This convector was housed in a cabinet about 26 in. 
high by 40 in. long by 5% in. wide, with outlet air grille either in 
the front or in the top of the cabinet. 
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Fic. 3. ARRANGEMENT FOR Tests ON HEAT EMISSION OF CONVECTOR 
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Fic. 4. Heating Erement or Non-Ferrous Convector Wire ENp CoNNECTIONS 


Fic. 5. Heatine Erpment or Non-Ferrous Convector With Borrom ConNnEcCTIONS 


For the studies on friction heads the units tested were 

(1) One cast-iron convector with end connections 

(2) One cast-iron convector with bottom connections (Fig. 2) 

(3) One non-ferrous convector with end connections (Fig. 4) 

(4) One non-ferrous convector with bottom connections (Fig. 5). 
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Ill. Description or APPARATUS AND METHODS oF TESTING 


5. Test Plant—F¥or the purpose of the study, the test plant shown 
schematically in Fig. 6 was installed in the laboratory of the Depart- 
ment of Mechanical Engineering. The test booth is located on the 
third floor of the test plant. The radiator or convector to be tested 
was placed in the booth, which is enclosed on three sides, as shown 
in Fig. 7. In order to prevent extraneous air circulation, the open side, 
located opposite the wall adjacent to which the radiators or convectors 
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Fic. 7. Locations or RADIATOR AND THERMOCOUPLES IN TEST BootH 


were installed, is provided with a baffle extending downward 1.0 ft. 
from the ceiling. The booth is built of 1%4-in. wall board supported by 
a steel frame, and is not in contact with the floor, ceiling, or walls of 
the laboratory, so that it is completely surrounded by the labora- 
tory air. 

By opening the valves K and M, shown in Fig. 6, and by closing 
valve L, the test plant can be operated on gravity head furnished by 
water maintained at a constant level in the elevated constant-head 
tank H. By opening valve L, and closing valves K and M, the water 
from the pump B can be admitted directly into the line and circulated 
through the radiator or convector. Constant-head tank E is well insu- 
lated and provided with an overflow pipe serving to maintain a con- 
stant water level. 

As the water flows from the pump B to the constant-head tank H 
it passes through a steam heat exchanger C, equipped with thermo- 
static control, and through a well-insulated storage or control tank D. 
A secondary heat exchanger F, and a thermostatically-controlled elec- 
tric heater G, installed just before the radiator or convector, provide 
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the final stages of control, and permit the water to be heated to a 
temperature as high as 240 deg. F. 

The pump and the overflow pipe have sufficient capacities so that 
the storage tank remains full under all possible rates of operation of 
the heating system. 


6. Method of Heating Water—aAs the water flows from the con- 
stant-head tank # to the radiator or convector H, it flows through the 
secondary steam heat exchanger F, and through the electric heater G. 
The heat exchanger F can be controlled either manually, or by main- 
taining the steam pressure at a definite value by means of a pressure- 
reducing valve. The electric heater has three heat rates, supplying, 
respectively, 1000, 2000, or 4000 watts at 115 volts. The voltage can 
be varied manually by means of a rheostat. The temperature of the 
water leaving the electric heater can also be controlled thermo- 
statically within a range of temperatures from 100 deg. F. to 275 
deg. F. 

As the water flows from the radiator or convector H to the weigh- 
ing tank J, it passes through the heat exchanger J, in which its tem- 
perature is reduced below the boiling point before it enters the weigh- 
ing tank. Three needle valves of different sizes, shown at N, provide 
a means of controlling the rate of flow of the water through the 
radiator or convector. 


7. Method of Weighing Water—As the water enters the weighing 
tank it flows through a tee into two short horizontal branch pipes in 
order to reduce the effect of the impact on the weighing tank as much 
as possible. In practically all cases, the rate of flow of water through 
the radiator or convector was determined by finding the time required 
to collect 50 Ib. of water in the weighing tank. To compensate for the 
buoyant effect of the vertical 1-in. pipe immersed in the water, it was 
necessary either to deduct from the scale reading of 50 lb. the weight 
of the water displaced by the pipe, which, for the tank J was 0.186 
lb.; or to multiply the scale reading by 0.996. However, if the initial 
weight reading on the scale were taken before the level of the water 
in the tank had risen above the tee and its branch pipes, the scale 
reading would have to be corrected either by deducting the weight of 
the water displaced by the tee and its branch pipes which, in this case, 
was 0.243 lb.; or by multiplying the 50-Ib. scale reading by 0.995 to 
compensate for the buoyant effect of the tee and its branch pipes, in 
addition to the buoyant effect of the additional vertical pipe. 
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Fic. 8. ConNEcTION or Piszometer Rincs With MANoMETER TUBES 


8. Method of Measuring Temperatures All temperature readings 
were made by means of thermocouples and a potentiometer. The drop 
in temperature of the water as it passed through the radiator or 
convector was measured by means of four thermocouples, two of 
which were placed in the liquid stream at A and two at B, as shown 
in Fig. 8. The pipes leading to or from the radiator or convector were 
covered with two layers of 1-in. hair felt, as shown in Figs. 9 and 10, 
so that the heat emission from those pipes was so small that any 
resulting drop in temperature could not be measured. 

Air temperatures in the central axis of the booth were measured 
at distances of 3 in., 18 in., 30 in., and 60 in. above the floor and 3 in. 
below the ceiling, as shown in Fig. 7. The temperature of the air in 
the booth was measured at four points also, 34 in. above the floor, and 
3% in. in front of the radiator or convector. These thermocouples, as 
shown in Figs. 3, 9, 10, and 11, were shielded to eliminate the effect of 
radiation. Air temperatures one foot outside the booth were measured 
at points indicated in Fig. 7. 

Temperatures of the surfaces of the floor and ceiling were meas- 


Fig. 9. 19-1N., 4-TUBE, 22-section Raprator With CoNnNEcTION AT Upper TAPPING 
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Fig. 11. 19-1n., 4-rTuspE, 22-section Rapiator LocaTEp 
IN Recess SrmmuLATING WALL ReEcESsSs 


ured in the central axis of the booth, and temperatures of the interior 
surfaces of the three walls were measured 30 in. above the floor and 
in the vertical axes of the respective walls. In addition, the tempera- 
ture of the interior surface of the rear wall was obtained directly 
behind the radiator at a distance of 15 in. above the floor. 
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Fic. 12. Prez Reptacinc Convector IN Friction Heap Tests 


9. Method of Measuring Friction Heads—Friction heads were 
measured by means of manometers. During the earlier period of the 
study the manometers were connected to the piezometer rings on the 
pipe line leading to and from the radiator or convector, as shown in 
Figs. 2, 4, 5, and 12. Later the connection was changed by omitting 
the short vertical pipe leading downward from the piezometer rings. 
The error caused by these short vertical pipes could be about 0.025 in. 
of water when the drop in temperature through the radiator was 20 
deg. F. The vertical manometer tubes were connected, as shown in 
Fig. 8, to the piezometer rings by means of horizontal 1-in. pipes over 
which air was blown continuously by means of a fan in order to cool 
the horizontal connections so that the temperature of the water in 
the two vertical manometer tubes would always be equal to that of 
the ambient air. Thus, the manometer reading could not be affected 
by a difference in temperature of the water in the two tubes. 


10. Method of Testing Radiators—The rate of flow of water 
through the radiator was determined by observing the time necessary 
to collect 50 lb. of water in the weighing tank. During this period 


Radiator 
Under Test 


Fig. 13. ARRANGEMENT For TestInG Friction Heaps or RADIATORS 
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Pipe 
Replacing Radiator 


Fic. 14. ARRANGEMENT For TustInG Friction Hmaps IN 
Pirzrs ConnNecrep To RapraTors 


observations were made of the temperatures of the water entering 
and leaving the radiator, and of the various air and wall-surface 
temperatures. The rate of heat transmission was then calculated from 
the rate of flow and the temperature drop of the water. 

To determine the friction head in a radiator, an installation was 
made as indicated in Fig. 13, and the friction heads between the points 
A and B were measured as described in Section 9 for various rates of 
flow, when the temperature of the water was practically equal to that 
of the ambient air. The friction heads thus determined included both 
the friction heads in the radiator and the friction heads in the two 
sections of pipe between the piezometer rings and the radiator. The 
radiator was then replaced by a section of pipe, equal in length to 
that of the radiator, as shown in Fig. 14, and the test was repeated. 

From the results of the second test the friction heads in the two 
sections of pipe Joining the radiator to the piezometer rings were 
calculated and deducted from the friction heads determined in the 
first test; the remainders represented the friction heads in the radiator. 


11. Method of Testing Convectors—The rate of heat emission for 
convectors was determined by the same method as that used for 
radiators. 

To determine friction heads of convectors, which could have inlet 
connections either at the end or at the bottom, the convectors were 
installed as shown in Figs. 2, 4, and 5. The short sections of pipe used 
in the installations were of such lengths that the same pieces of pipe 
could be used (but in different sequences) irrespective of whether the 
convector had an end inlet connection or a bottom inlet connection. 
Consequently, the test installation for a convector with end inlet in- 
cluded exactly the same length of pipe and the same number and kind 
of pipe fittings as the test installation for the convector with bottom 
inlet connections. Therefore any difference in the friction heads ob- 
served in two test installations was due entirely to the difference be- 
tween the inlet constructions of the two convectors. 

In order to determine what portion of the friction head of the test 
installation, shown in Fig. 4, for example, was the friction head of the 
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convector and what portion was the friction head of the connecting 
pipe and pipe fittings, the convector was removed and replaced by a 
pipe equal in length to that of the convector as shown in Fig. 12, and 
the test repeated. 

The difference between the friction head of the installation shown 
in Fig. 4 and that of the installation shown in Fig. 12 was the differ- 
ence between the friction head of the convector and that of the pipe 
used to replace the convector. The friction head of the pipe was de- 
termined as indicated in Fig. 14 and added to, or subtracted from, 
the difference between the friction heads of the installation shown in 
Fig. 4 and of that shown in Fig. 12 to determine the friction head of 
the convector. 


TV. Heat Emission RATE OF RADIATORS 


12. Course of Water Through Radiator—For this study, a 19-in., 
4-tube, 22-section radiator with 1-in. push nipples and without cross 
bars was used. 

It was found that when the water enters the radiator through the 
upper tapping (Fig. 9) the radiator may be considered as a two-pipe, 
reversed-return, forced-circulation heating system, as shown in Fig. 15. 

The upper row of push nipples, with the intervening spaces, may 
be regarded as the flow main; the lower row of push nipples, with the 
intervening spaces, as the return main; and the 88 tubes, as 88 risers. 
For Test 269.3, the data of which are represented in Fig. 15, the flow 
main should carry water at a temperature of 217.1 deg. F., the return 
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Fic. 15. Surrace Temppratures ror Rapiator Wire Tor INLET 
AND Bortom OutLer ConNECTIONS 
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main water at a temperature of 202.8 deg. F., and the tubes water at 
temperatures decreasing gradually from 217.1 deg. F. to 202.8 deg. F. 
To determine whether this temperature distribution actually existed, 
eight thermocouples were attached to four outside tubes, as indicated 
by crosses in Fig. 15, in which the observed temperatures of the tubes 
are also presented. Near the upper ends of the tubes the temperatures 
were practically 207 deg. F., and near the lower ends the temperature 
increased gradually from 191.6 to 200.2 deg. F. These eight observed 
temperatures indicate 

(1) that the 88 tubes function as return risers in the hypothetical 
system; 

(2) that the circulation through the tubes increases as the distance 
_ from the inlet increases. This increase is the result of the variation in 
the velocity heads in the flow and return mains shown in Fig. 15; 

(3) that considerably less than one-half of the water flows through 
the two outer rows of tubes. This decreased flow should be expected 
because the path from the flow main to the return main is longer 
through the outer tubes than through the inner tubes, as shown in 
Mion 15. 

It was found that when the water enters the radiator through the 
lower tapping (Fig. 10), the radiator may be considered a one-pipe 
heating system with forced circulation through the lower push nipples 
and gravity circulation in the tubes, provided the water cannot flow 
through the upper row of push nipples. 

To prevent the flow of water through the upper row of push 
nipples, a brass rod 1.0 in. by 36 in. was inserted in this row before 
the radiator was tested. The average surface temperatures, for Tests 
243-246, of the four outer tubes, near their upper ends, are shown in 
Fig. 16a. The resulting temperature gradient, shown by a heavy line 
in this figure, indicates that the radiator was functioning as a one-pipe 
heating system. 

Without the brass rod in the radiator, the water flowing through 
the radiator from A to B, (Fig. 16b), may take either the direct and 
short path through the lower row of nipples, or the indirect and longer 
path from A upward through the first section to C; from there through 
the upper row of nipples to D; and from D downward through the 
last section to B. 

The temperature gradient shown in Fig. 16b, determined from 
Tests 236-239, indicates that the larger quantity of water flows along 
the short path and that the radiator functions primarily as a one-pipe 
heating system, but that a portion of the water flows along the longer 
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path, from A to C, to D, and to B, and that, consequently, the 
radiator functions also, to a slight degree, as a two-pipe reversed- 
return heating system. 


13. Variation in Rate of Heat Emission With Temperature Differ- 
ence—Water to Air——A study of the water temperatures indicated by 
the thermocouple readings shown in Figs. 15 and 16, and of the vari- 
able courses of the flow of water through the radiators, shows that it 
is practically impossible to determine the actual mean temperature 
of the water within the radiator and, therefore, it was decided to base 
all computations and analyses on a mean temperature equal to the 
average of the temperatures of the water entering and leaving the 
radiator. The latter will hereafter be referred to as the mean tempera- 
ture of the water. 

Similarly, it is impossible to determine the true mean temperature 
of the ambient air. This problem is further complicated by the fact 
that the heat emission from a radiator is partly by convection and 
partly by radiation, and that the heat emission by radiation varies 
with the mean radiant temperature of the space within which the 
radiator is located. The mean radiant temperature is difficult to de- 
termine, and is likely to differ by several degrees from the mean 
temperature of the ambient air. Therefore, in order to serve as a 
standard method for evaluating the rate of heat emission of a radiator, 
it was decided to substitute for the mean temperature of the ambient 
air the mean temperature of the air flowing toward the lower part of 
the radiator, as measured by thermocouples placed 3% in. in front 
of the radiator and midway between the floor and the bottom of the 
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radiator. These thermocouples were shielded from radiant energy 
emitted by the radiator, as shown in Figs. 3, 9, 10, and 11. All differ- 
ences in temperature, water to air, have accordingly been based on 
the mean of the temperatures of the water entering and leaving the 
radiator, and on the mean temperature of the air 3% in. in front of 
the radiator. ; 

The variation in heat emission with the difference in temperature, 
water to air, for a 19-in., 4-tube, 22-section radiator with water enter- 
ing through the upper tapping is shown in Fig. 17, based on Test Nos. 
256-263 and 268-269. The line drawn in Fig. 17 through the points 
determined experimentally, slopes at an angle, the tangent of which 
is 1.3. The slope of this line could be varied slightly and still represent 
the experimental data quite accurately. The slope of 1.3 was selected 
because earlier experiments indicated that the heat emission of radia- 
tors varies as the 1.3 power of the temperature difference, water to air, 
and because that relation has been quite generally accepted by the 
engineering profession. 

The equation of the line shown in Fig. 17 is 


Yo=AtlS7x (1) 
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Hence, according to the experimental data shown in Fig. 17, the rate 
of heat emission of the radiator tested (Fig. 9) was 
H = 1187 (£5 —t) = (2) 

in which 

H = heat emission, B.t.u. per hr. 

tw = mean water temperature, deg. F. 

t, = mean air temperature, deg. F. 
When the radiator was tested with water entering through the lower 
tapping (Fig. 10) the variation in the rate of heat emission with the 
temperature difference was found to be as shown in Fig. 18, based on 


Tests No. 169-204. The line showing average results was again drawn 
at an angle having a tangent of 1.3. The equation of this line is 


Y = 11.92 X13 (3) 
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Hence, for this case, the rate of heat emission was 
H = 11.92 (ty — ta)*? (4) 


The difference between the coefficients in the two equations is only 
one-half of one per cent. This deviation is easily within the limits of 
experimental error, and it may be concluded that the rate of heat 
emission is the same for water entering through the upper tapping as 
for water entering through the lower tapping. For this particular 
radiator the equation may therefore be written: 


H = 11.90 (ty — ta)? (5) 


14. Variation in Rate of Heat Emission With Variation in General 
Form or Design of Radiators—For this study, two radiators were 
selected which differed only in that one had 1% in., instead of 1 in., 
push nipples. This radiator also had slightly heavier tubes than the 
other, so that the distances between tubes were slightly smaller, and 
had one row of cross bars. Otherwise the two radiators were alike. 
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The two radiators were tested under identical conditions, and the 
test results are shown in Fig. 19 in which the crosses represent the 
values found for the radiator without cross bars and the circles repre- 
sent the values found for the radiator with cross bars. 

The equations for heat emission, deduced from the lines repre- 
senting average values are, respectively, 


H = 11.70 (t,, — t.)** (6) 


and 
H = 10.78 (t,. — ta)2° (7) 


Hence the heat emission of the radiator with cross bars was approxi- 
mately 8 per cent lower than that of the radiator without cross bars. 


15. Influence of Distance Between Tubes and of Cross Bars on 
Rate of Heat Emission —It was thought that a change in the distance 
between tubes might affect the rate of heat removal by convection 
currents and thereby affect the rate of heat emission, and that the 
introduction of cross bars between tubes might affect the course of the 
water through the radiator and thereby reduce the mean temperature 
of the water in the outer row of tubes. 

To study the influence of the distance between tubes on heat emis- 
sion, ammonium chloride fumes were liberated from shallow dishes 
placed on the floor near the bottom of the radiator. As shown in Fig. 15 
it was observed that the space between the radiator and the wall 
acted as a chimney. The main stream of air entering the radiator near 
the bottom flowed in an inclined upward direction through the spaces 
between the radiator sections and then passed upward between the 
radiator and the wall. Thus air from near the floor did not pass over 
the upper half of the front row of tubes. Previous studies,* however, 
indicated that some air from the room was drawn over the upper half 
of the front tubes, passed up between the sections, and was delivered 
out of the top of the radiator. The evidence seemed to indicate that 
the presence of cross bars did not interfere with the air flow suffi- 
ciently to influence the heat emission appreciably. 

The distance between the radiator and the wall was 1% in. A 
variation in this distance may have an appreciable effect on the heat 
emission of the radiator, and there may be an optimum distance be- 
tween tubes for the removal of heat by convection currents. No tests 


*“Investigation of Various Factors Affecting the Heating of R With Di t 
Radiators.”” Univ. of Ill. Exp. Sta. Bul. No. 223, pp. 86 and 87. aoe ; eee 
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were made to determine the optimum distance from the radiator to 
the wall for a maximum rate of heat emission, or the optimum distance _ 
between tubes. 

To study the influence of cross bars on heat emission, the system 
of piping shown in Fig. 20 was prepared and tested. It was assumed 
that with water flowing from the point A to the point B by either of 
two paths, ACB or ADB, the larger portion of the water would take 
the shorter path, ACB; and, if the two tubes were of equal size, the 
velocity head at C would be greater than that at D. Therefore, if a 
connection existed between the points D and C, some of the water 
would flow from D to C and, consequently, a smaller quantity would 
flow from D to B, resulting in a lower velocity and a lower average 
temperature from D to B. The average surface temperature of the 
tube ADB should, therefore, be lower if a cross bar existed than if no 
cross bar existed. Hence the heat emission of a radiator, with cross 
bars between its tubes, should be lower than that of the same radiator, 
without cross bars. 

It was considered that the pipes ACB might represent two inner 
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Locators 


Fic. 20. ARRANGEMENT OF PipInc ror Tests ON EFFECT OF 
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28 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 1 
TEMPERATURE IN PreING ARRANGEMENT MopEL 


Average Temperature of Outside Tubes, 
Deg. F. 


Test No. 
With Cross Bars Without Cross Bars 

1 145.4 147.0 

2 200.2 201.7 

3 200.2 202.6 

4 207 .5 210.3 

5 215.4 218.3 

6 217.6 220.5 
Average 197.7 200.1 


tubes of a 4-tube radiator section and the pipes ADB might represent 
two outer tubes of the section, one set of tubes having a cross bar and 
the other having none. The apparatus was constructed so that the 
friction in the two lines should be as nearly equal as possible, in order 
that equal volumes of water could flow through the two parts. 

It was realized that the two tees, which were necessary to install 
the cross bars, would interfere with the uniform flow of water assumed 
in Fig. 20, but it was thought that comparative results might be 
secured in spite of this interference. 

Eight thermocouples were attached to the apparatus at the points 
marked by crosses. Six tests were made and the average temperatures 
obtained on the outer pipes or tubes are given in Table 1. 

The difference between the two was only 1.2 per cent, but the 
results do indicate a difference definitely in favor of the radiator 
without the cross bars. 


16. Ratio of Rate of Heat Emission of an End Section to That of 
an Intermediate Section—For this study, one of the 22-section radia- 
tors previously tested was changed to a 12-section radiator by remov- 
ing ten of the twenty intermediate sections. By testing the 12-section 
radiator in comparison with the 22-section radiator, it was found that 
the rate of heat emission of an end section is 1.275 times that of an 
intermediate section. Hence, for design purposes, the two end sections 
may be considered equal to 2.5 sections. 


17. Influence of Rate of Flow of Water Through Radiator on Rate 
of Heat Emission—When the 19-in., 4-tube, 22-section radiator was 
tested and found to emit heat at the rate shown by Equation (2), 
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water was flowing through the radiator at the rate of 454 Ib. per hr., 
resulting in a velocity of 11.6 in. per sec. in the radiator connections. 
When the rate of flow was increased to 1816 lb. per hr., the rate of 
heat emission was reduced almost 6.0 per cent. No doubt the reason 
for this reduction in the rate of heat emission was that, with a higher 
velocity, a larger proportion of the total flow of water passed through 
the two inner tubes. Consequently, the temperature of the outer tubes 
was not increased in proportion to the increase in the mean tempera- 
ture of the water in the radiator; that is, in proportion to the average 
of the temperatures of the entering and leaving water, this average 
having been arbitrarily defined as the mean temperature of the water 
in the radiator. 


18. Ratio of Rate of Heat Emission of a Radiator Located in a 
Wall Recess to That of a Free-standing Radiator—For this study, a 
recess similar to those used in the I=B=R Research Home at the 
University of Illinois was constructed. The recessed radiator is shown 
in Fig. 11. The clearances between the ends of the radiator and the 
sides of the recess were each 4 in., that between the top of the radiator 
and the top of the recess was 214 in., and that between the back of 
the radiator and the back surface of the recess was 14 in. With the 
radiator thus located, the rate of heat emission, H, in B.t.u. per hr. 
was found to be 

He T9065 — 1.) (8) 


The ratios of the rate of heat emission of the 19-in., 4-tube, 22-section 
radiator located in a recess to that of the free-standing radiator, for 
various temperature differences, water to air, were calculated by 
means of Equations (8) and (2), and are shown in Table 2. 


TABLE 2 


Ratios or Heat Emission Rates FOR 
RECESSED RADIATORS 


Ratios of Heat Emission Rates, 


Temperature per cent 
Difference 
tow — ta 
deg. F. Free-standing Radiator in 
Radiator Recess 
70 100 71 
85 100 76 
100 100 80 
115 100 85 
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19. Variation of Rate of Heat Emission With Variations in Height 
of Radiator and Number of Tubes per Section —For this study, the 
five radiators shown in Fig. 1 were tested, and the following equations 
for the rate of heat emission, H, in B.t.u. per hr. were derived: 


19-in., 4-tube, 16-section radiator 


He 89a se (9) 
22-in., 4-tube, 16-section radiator 
H = 1049 (6, — ta) (10) 


25-in., 4-tube, 16-section radiator 
A= 1179 (ig "to (11) 


25-in., 3-tube, 16-section radiator 
Hi OAS Gaeta (12) 


25-in., 5-tube, 16-section radiator 
Heals oO Wigieetey (13) 


The rates of heat emission shown in Equations (9)-(13) were 
studied from various angles and it was found that, for radiators of 
similar design, there is a fairly definite relation between the heat 
emission of a radiator and the volume of the rectangular envelope 
enclosing the radiator. Hence there is also a definite relation between 
the heat emission and the product obtained by multiplying the height 
of the radiator by the number of tubes per section. It was shown in 
Section 16 that the heat emission of the end section of a radiator is 
approximately equal to 1.25 times that of an intermediate section. 
Making use of these relations the following formula was developed: 


H = 0.014 (nh) (ty — ta)*® (S + %) (14) 
in which 
H = heat emission in B.t.u. per hr. 
h = height of radiator in inches 
= number of tubes per section 
S = number of sections per radiator. 
To check the formula, the rates of heat emission of the five radia- 


tors shown in Fig. 1 were calculated and are given in Table 3 in com- 
parison with the rates determined experimentally. 
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TABLE 3 


Reuative Hear Emission Rares or SMALL-TUBE, 
16-secTION RADIATORS 


Heat Emission Rate, B.t.u. per hr. 
per deg. F. temperature 


Size of Radiator difference Difference 
per cent 
Experimental Caleulated 
25-in., 5-tube 13.55 14,02 +3.4 
25-in., 4-tube 11.79 11.55. =2). 1 
25-in., 3-tube 9.18 9.07 —1.2 
22-in., 4-tube 10.59 10.39 —-1.9 
19-in., 4-tube 8.9 8.74 =1.58 


The calculated rates differ from the rates determined experi- 
mentally by less than 4 per cent. It was shown in Section 14 that two 
radiators of equal height and with the same number of tubes, but 
differing from each other in minor structural details, may have heat 
emission rates differing by as much as 7 or 8 per cent. Hence, in the 
absence of more definite data from the radiator manufacturers, it 
seems feasible to use Equation (14) to calculate the approximate rates 
of heat emission of small-tube cast-iron radiators similar to those 
used in the tests. 


20. Comparison of Rates of Heat Emission of Radiator Operating 
With Hot Water and With Steam.—For this study, the 19-in., 4-tube, 
22-section radiator shown in Figs. 9 and 10 was selected. 

Functioning as a hot water radiator, with water flowing through 
the radiator at a rate of 454 lb. per hr., the rate of heat emission had 
been determined to be 11.90 (t,, — ta)?3 B.t.u. per hr. (Figs. 17 and 18 
and Equation (5)). 

To determine the rate of heat emission with the radiator func- 
tioning as a steam radiator, eight tests were made. The results are 
shown in Fig. 21. The line AB was drawn at an angle such that the 
tangent with the horizontal was 1.3. The line AB evidently repre- 
sents the eight experimental values with sufficient accuracy, and is 
expressed by the equation 


H=1248 to —t) (15) 


The equation representing the thirty-eight experimental values 
determined for the same radiator when it was tested as a hot water 


radiator is 
Fie OO Ge = fa) (16) 
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The increase in the quantity of heat emitted by this radiator func- 
tioning as a steam radiator over that obtained with it functioning as a 
12.48 — 11.90 


11.90 
The difference of 5.0 per cent between steam radiation and hot 


water radiation found in the heat emission of the 19-in., 4-tube, 22- 
section radiator, with water flowing through it at the rate of 454 lb. 
per hr., does not strictly apply to all small-tube cast-iron radiators, 
because the tests described in this Section are in effect a comparison 
of the methods of designing steam radiation and hot water radiation. 
The heat emitted by a radiator varies with the temperature of the 
exterior surface. In the design of steam radiation, it is assumed that 
the steam temperature represents the mean temperature of the heating 
medium, and that the surface temperature is practically equal to the 
steam temperature. In this case these assumptions are reasonably 
accurate. In the design of hot water radiation, it is assumed that the 
temperature of the exterior surface is practically the same as the 
average temperature of the water within the radiator, and that the 
latter is equal to the mean of the temperatures of the water entering 
and leaving the radiator. These assumptions may be quite inaccurate, 


hot water radiator is , or 5.0 per cent. 
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as shown by the several radiator surface temperatures presented in 
Figs. 15 and 16. 

The difference between the exterior surface temperature and the 
mean of the temperatures of the water entering and leaving the 
radiator varies with the velocity of the water and with the width of 
the radiator. If the water enters the radiator through the lower tap- 
ping and with a high velocity, a considerable portion will pass out of 
the radiator without having circulated through the tubes, and the 
average temperature of the water within the radiator will be lower 
than the mean of the temperatures of the water entering and leaving. 
The difference between these two temperatures is greater for wide 
radiators than for narrow radiators. If the water enters the radiator 
through the upper tapping and with a low velocity, as is the case in 
gravity-circulation systems, practically all of the water which flows 
through the radiator will circulate through the tubes, and the average 
temperature of the water within the radiator will be very nearly 
equal to the mean of the temperatures of the water entering and 
leaving; this is especially true in the case of very narrow radiators. 

On the whole it seems safe to conclude (a) that the rate of heat 
emission of a 19-in., 4-tube, 22-section radiator with a rate of flow of 
454 lb. of water per hr. is about 5 per cent higher with the radiator 
functioning as a steam radiator than it is with it functioning as a 
hot-water radiator; (b) that the difference is greater than 5 per cent 
for rates of flow larger than 454 lb. per hr. and smaller than 5 per 
cent for rates smaller than 454 lb. per hr.; (c) that, other conditions 
being the same, the difference between the rates of heat emission of a 
radiator functioning as a steam radiator or as a hot-water radiator is 
greater for wide than it is for narrow radiators; and (d) that, for very 
low rates of flow, especially when the water enters the radiator 
through the upper tapping, the difference, if any, between the rates 
of heat emission of a radiator functioning as a steam radiator or as a 
hot-water radiator is very small. 


V. Heat Emission Rates OF CONVECTORS 


21. Variation in Rate of Heat Emission of Non-ferrous Convector 
With Temperature Difference—Water to Air—The convectors were 
installed as indicated in Fig. 3, and the tests were conducted in the 
same manner as those for the 4-tube radiator discussed in Section 10. 
It was found that, with water flowing through the convector at the 
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rate of 450 lb. per hr., the rate of heat emission of the non-ferrous 
convector, with air outlet grille in front, was 


P= O12 Vie ag) (17) 
and, with air outlet grille in the top, was 
Hi 344 (ig) (18) 


The results are shown in Fig. 22. 
The heat emission of the convector for the two cases calculated 
from Equations (17) and (18) are given in Table 4. 


22. Influence of Velocity of Water Flowing Through Non-ferrous 
Convector on Rate of Heat Emission—For this study, a cabinet with 
a horizontal air grille in the top was used in connection with the con- 
vector, and the results are shown as lines AB, CD, and EF in Fig. 23. 
It was found that when the rate of flow of water was increased from 
450 to 888 Ib. per hr., or practically doubled, the rate of heat emission 
was increased about 4 per cent. When the rate of flow was increased 
from 450 to 1708 Ib. per hr., or practically quadrupled, the rate of 
heat emission was increased about 8 per cent. 
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The increase in heat emission, with an increase in the velocity of 
the water through the convector undoubtedly resulted from the in- 
creased scrubbing effect of the water at higher velocities on the surface 
films of the three small pipes in the convector. 


23. Comparison of Rates of Heat Emission of Non-ferrous Con- 
vector Operating With Hot Water and With Steam.—For this study, 
the cabinet with an outlet air grille in the top was used, and the re- 
sults are shown in Fig. 24. The line represents the heat emission rate 


TABLE 4 
Heat Emission Rate or Convectors WITH 
Tor Arr OUTLET AND WitTH FRONT 
AIR OUTLET 


Temperature Heat Emission Rate, B.t.u. per hr. 
Difference 
tw a ta 
deg. F. Top Outlet Front Outlet 
70 2830 2490 
85 3850 3280 
100 4970 4140 
115 6200 5060 
130 7530 6030 
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of the convector when functioning as a hot-water convector with water 
flowing through it at the rate of 1708 lb. per hr., or 3.4 gal. per min. 
The points represent the tests with the convector functioning as a 
steam convector. It may be observed that when operating with steam 
the rate of heat emission was practically the same as that obtained 
with a high rate of water flow through the convector. 


24. Variation in Rate of Heat Emission of Cast-iron Convector 
With Temperature Difference—Water to Air—For the heat emission 
tests on the cast-iron convector a cabinet having an outlet air grille 
in the top was used. The tests were conducted in the same manner 
as those for the cast-iron radiators discussed in Section 10. The re- 
sults with water flowing through the convector at a rate of 437 lb. 
per hr. are shown in Fig. 25. The equation for the rate of heat emis- 
sion is 

H = 12.40 (t5— t)3 2 (19) 


The heat emission rates, calculated from Equation (19) os various 
temperature differences, are given in Table 5. 


25. Influence of Velocity of Water Flowing Through Cast-iron 
Convector on Rate of Heat Emission—For this study, two additional 
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series of tests were made. In the first series, the rate of flow was in- 
creased from 437 to 905 lb. per hr., and in the second series from 437 
to 1814 lb. per hr. The results are shown in Figs. 26 and 27, respec- 
tively, in which the base curves, shown as full lines, are for a water 
rate of 437 lb. per hr., and the points, shown as circles, are for the 
rates of 905 and 1814 lb. per hr. The curves indicate that increasing 
the rate of flow of the water through the convector, even to the extent 
of quadrupling it, had no appreciable effect on the rate of heat 
emission. 

The experimental data shown in Fig. 27 are not as consistent as 
those shown in Figs. 25 and 26, probably because the temperature 


TABLE 5 


Rate or Heat EMISSION OF A 
CAST-IRON CONVECTOR 


Temperature Difference Rate of Heat Bmission 
—ta u 
den B.t.u. per hr. 

70 3530 

85 4570 

100 5670 

115 6830 

130 - 8030 

145 9290 
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drop through the convector could not be measured with sufficient 
accuracy. With water flowing through the convector at the rates of 
437, 905, and 1814 lb. per hr., the respective average temperature 
drops through the convector were 12.8, 4.1, and 3.1 deg. F. An error 
of one-tenth of one degree in the temperature drop at the high velocity 
would result in an error of 3 per cent in the final result, whereas the 
same error at the low velocity would result in an ultimate error of 
only approximately eight-tenths of one per cent. 

Within the range of velocities obtaining in practice the heat emis- 
sion of a cast-iron convector is apparently independent of the velocity 
of the water flowing through the convector. 


26. Comparison of Rates of Heat Emission of Cast-iron Convector 
Operating With Hot Water and With Steam—Three tests were made 
and it was found that, with the cast-iron convector functioning as a 
steam convector at temperature differences, steam to air, of 140.9, 
142.3, and 136.6 deg. F. the respective rates of heat emission were 
8864, 9484, and 9021 B.t.u. per hr. The average of the three test re- 
sults is 9123 B.t.u. per hr. for a temperature difference of 140 deg. F. 

With the same convector, functioning as a hot water convector, 
at a temperature difference of 140 deg. F., water to air, the heat 
emission, as given by Equation (19), was 8867 B.t.u. per hr. 

Hence, in this case, the rate of heat emission of the cast-iron con- 
vector, functioning as a steam convector, was 2.8 per cent higher than 
that for the same convector functioning as a hot water convector. 


VI. Friction Heaps or RADIATORS 


27. Friction Head of 19-in., 4-tube, 22-section Radiator With 
114-in. Connections; Water Temperature 75 deg. F —At a water tem- 
perature of 75 deg. F., the friction heads of the arrangement shown 
in Fig. 13 were determined experimentally for various water velocities, 
using the method described in Section 10, and the results are pre- 
sented as line AB in Fig. 28. The equation of this line is 


H; = 0.000562P1:°8 (20) 
in which 


H, = friction head in milinches* of water for the radiator plus 
4.708 ft. of 114-in. pipe. 


P = rate of flow of water through the radiator in lb. per hr. 


*One milinch = 0.001 inch. 
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In order to find the friction head for 4.708 ft. of pipe, an installa- 
tion similar to that shown in Fig. 14 was used. From the test results, 
the friction heads of 4.708 ft. of 114-in. pipe were calculated and de- 
ducted from those given by the line AB in Fig. 28. The remainders 
were the friction heads of the radiator. These heads are represented 
by the line CD in Fig. 28, the equation of which is 


H; = 0.000498P?8° (21) 


The friction heads for the radiator with 114-in. connections, caleu- 
lated from Equation (21), are shown as curve 1 in Fig. 29. As indi- 
cated by this curve, the friction head of the radiator was about 
490 mi. with the water flowing through the radiator at a rate of 
1500 Ib. per hr.; that is, with a water velocity of about 0.65 ft. per sec. 
in the 144-in. pipe connection. 
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28. Friction Head of 19-in., 4-tube, 22-section Radiator With 


\%4-in. Connections; Water Temperature 63 deg. F —The friction heads 
at a water temperature of 63 deg. F. and at various velocities were 
determined as described in Section 10 for the radiator with 14-in. 
connections and the following equation was derived: 


H; = 0.00589P*-* (22) 


For this test, the temperature of the water was 63 deg. F. instead 


of 75 deg. F. because the temperature of the laboratory air was about 
63 deg. F., and it was desired to have the temperature of the water 
practically the same as that of the air, so that the temperature of the 
water in the system might remain constant throughout the test. 
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The friction heads for the radiator, with 14-in. connections, cal- 
culated from Equation (22) are shown by curve 2 in Fig. 29. As indi- 
cated by the curve, the friction head in the radiator was 4750 mi. 
with the water flowing through the radiator at a rate of 1500 Ib. 
per hr.; that is, with a water velocity of about 3.2 ft. per sec. in the 
14-in. pipe connections. 


29. Variation in Friction Head With Length of Radiator —lIn this 
study, the 22-section radiator (Figs. 9, 10, 11, 15, and 16) was short- 
ened successively to a 15-section and to a 7-section radiator. It was 
found that the friction heads for the 15-section and the 7-section 
radiators could be expressed by Equations (23) and (24) respectively. 


H; = 0.00299P*% (23) 


H; = 0.00149P?-°° (24) 


The respective friction heads of the two radiators, calculated from 
Equations (23) and (24), are shown by curves 3 and 4 in Fig. 29. 

It appears from curves 2, 3, and 4 in Fig. 29 that the friction head 
of a radiator decreases as the length of the radiator is decreased. The 
friction head of a radiator may therefore be divided into two parts— 
one part being the friction head at entrance and exit, and the other 
part, the friction head in the body of the radiator. 

By a series of trial calculations of friction heads for small-tube 
radiators, it was found that for a 19-in., 4-tube radiator with \%-in. 
connections the relation between friction head, rate of water flow, and 
number of sections could be expressed, approximately, by the follow- 
ing equation: . 

H; = 0.000395P28 + 0.001125P!48 (25) 
in which 
H, = friction head in mi. of water 
P = rate of flow in lb. of water per hr. 


S = number of sections in radiator 
30. Effect of Size of Push Nipples on Friction Head of Radiators. 


—Since it had been found (Section 14) that there might be a variation 
as large as 8 per cent in the heat emission of radiators normally of 
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the same size but differing from each other slightly in details of con- 
struction, it was decided to determine the difference, if any, between 
the friction heads of two 19-in., 4-tube, 22-section radiators, one 
having 1-in. push nipples and the other, 114-in. push nipples. 

The results of these tests, shown in Fig. 30 represent the friction 
heads for the radiator plus the two pipes connecting the radiator to 
the piezometer rings. 

Since it is evident that there was no difference in the two sets of 
friction heads for the complete installations, it is safe to conclude that 
the friction head of a radiator is not changed appreciably by substi- 
tuting 114-in. push nipples for 1-in. push nipples. This conclusion 
seems reasonable, since the larger part of the friction head of a radia- 
tor is in the inlet and outlet connections. Furthermore, the remaining 
part of the friction head, which is in the body of the radiator, occurs 
principally at the inlets and outlets of the push nipples, and only to 
a negligible extent within the push nipples themselves. 


VII. Friction Hraps oF CONVECTORS 


31. Friction Head of Non-ferrous Convector With End Inlet and 
1-in. Connections—For this study, the convector was installed as 
shown in Fig. 4, and tests were run at two water temperatures, 
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namely 68 deg. F. and 170 deg. F., using the method described in 
Section 11. It was found that the friction heads for the two water 
temperatures, 68 deg. F. and 170 deg. F., could be expressed by Equa- 
tions (26) and (27) respectively. 


H; = 0.00293P**° (26) 


H, = 0.00113P** (27) 


The friction heads, calculated from Equations (26) and (27), are 
shown by curves 5 and 6 in Fig. 29. It appears from these two curves 
that, for a rate of flow of 1000 lb. per hr., the two friction heads are 
about 1030 and 750 mi., respectively, and that, for this rate of flow, 
the friction head for 170 deg. F. water is about 27 per cent lower than 
that for 68-deg. F. water. 


32. Friction Head of Non-ferrous Convector With End Inlet and 
\%-in. Connections—For this study, the convector was installed as 
shown in Fig. 4, and tests were run with a water temperature of 
84 deg. F., following the method outlined in Section 11. 

In this case the friction heads were expressed by the following 
equation: 

H; = 0.00701P?-*" (28) 


The friction heads, calculated from Equation (28), are shown by 
curve 7 in Fig. 29. It appears from Equations (26) and (28) and the 
corresponding curves in Fig. 29 that, for a flow of 1000 lb. per hr., 
the friction head of the convector was about 2.8 times as large for 
%-in. connections as it was for l-in. connections, if the small effect 


on the friction head resulting from the variation in water temperature 
of from 84 deg. F. to 68 deg. F. is neglected. 


33. Difference Between Friction Heads of Non-ferrous Convectors 
With End Connections and With Bottom Connections—For this 
study, the convector shown in Fig. 4 was installed as shown in Fig. 5. 
The same pipe sections and pipe fittings were used in the installation 
shown in Fig. 5 as had been used in the installation shown in Fig. 4, 
so that any difference in the friction heads of the two installations 
would result entirely from the difference between the two paths fol- 
lowed by the water in entering the convector. 
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For the convector with the bottom connection the equation for the 
friction head was found to be 


H, = 0.00372P-*5 (29) 


The friction heads, calculated from Equation (29), are shown by 
curve 8 in Fig. 29. A comparison of curves 7 and 8 shows that, at all 
water velocities, the end connection produced higher friction heads 
than those resulting from the bottom connection. However, the dif- 
ference between the two is not large. 


34. Friction Head of Cast-iron Convector With End Inlet and 
Outlet and 114-in. Connections—-The convector was installed as 
shown in Fig. 2, except that an end inlet and outlet were used, and 
was tested with 66 deg. F. water. The equation for friction head was 
found to be 

H, = 0.00047P1-*° (30) 


The friction head, calculated from Equation (30), is shown by curve 9 
in Fig. 29. ° 


35. Variation in Friction Head of Cast-iron Convector With Vari- 
ation in Temperature of Water—For this study, the installation 
shown in Fig. 2 was used, with end inlet and outlet instead of bottom 
inlet and outlet, and tests were made with water at temperatures of 
66 deg. F., 71 deg. F., 170 deg. F., and 220 deg. F. During the tests 
with hot water, the convector was insulated so as to reduce the drop 
in temperature of the water within the convector as much as possible. 

The equations for the respective friction heads at the four water 
temperatures were found to be 


H, = 0.00047P*-*° (31) 
H, = 0.00046P?-°° (32) 
H, = 0.000101P2:* (33) 
H, = 0.0000145P2:*2 (34) 


The friction heads calculated by means of these four equations are 
shown by curves 9, 10, 11, and 12 in Fig. 29. It appears from these 
curves that the friction head decreases as the temperature of the water 
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is increased. However, the friction head in all four cases was so small 
that it is impossible to make accurate numerical comparisons. 


36. Difference Between Friction Heads of Cast-iron Convector 
With %4-in. End Connections and Those of Same Convector With 
%4-in. Bottom Connections.—For this study, the installation shown in 
Fig. 2 was used for the tests with bottom connections. For the tests 
with end connections, the same pipe and pipe fittings were used but 
in a different sequence, as shown for the non-ferrous convector tests 
in Figs. 4 and 5, so that any difference in the friction heads of the 
two installations would result entirely from the difference between the 
two paths followed by the water in entering the convector. 

The equations for the friction heads for the end and bottom con- 
nections respectively were found to be 


H,; = 0.00553P-*° (35) 
and 


H; = 0.00226P?-°* (36) 


The friction heads calculated from these equations are shown by 
curves 13 and 14 in Fig. 29. It appears from these curves that the 
friction heads for the end connections were lower at all except very 
low water velocities than the corresponding heads for the bottom con- 
nection. However, the differences between the two can be disregarded 
as far as design calculations are concerned. 


37. Friction Heads of Cast-iron Convector With 11%4-in. and \%-in. 
End Pipe Connections—A .comparison of the relative friction heads 
at comparable water temperatures, produced by using end connections 
involving 144-in. and %-in. pipe may be made from Equations (32) 
and (35), or from the corresponding curves 10 and 13 in Fig. 29. From 
the curves it appears that, at a rate of flow of 1000 lb. per hr., the 
friction head obtained with %-in. pipe connections was about eleven 
times that obtained with 114-in. pipe connections. 


38. Friction Heads of Radiators and Convectors Expressed in 
Terms of Velocity Heads or Elbow Equivalents——With the velocity, 
V, expressed in ft. per sec., the velocity head in ft. of water is equal 
to V*/2g, or to 0.0155V?. In expressing the friction head of a radiator 
in terms of velocity heads, the velocity referred to is that of the water 
in the pipe connected to the radiator. Since the friction head of one 
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TABLE 6 


Friction Heaps or Raprators AND CoNnvecrors EXPRESSED IN VELOCITY 
Heaps, or Evpow EaquivaLents 


Size of Velocity Heads or Elbow Equivalents 
Connec- | 1emperature for Rates of Flow of 
Rone of Water 
wae deg. F. 
500 lb./hr. | 1000 Ib./hr. | 1500 Ib./hr. 
Radiators 

19-in., 4-tube, 22-section 14 75 

19-in., 4-tube, 22-section % 63 0 es one 
19-in., 4-tube, 15-section 4 63 2.5 2.3 2.3 
19-in., 4-tube, 7-section “4% 63 1.8 a9) 1.9 

Somvecier 
on-ferrous, End Inlet 1 68 ali hank 10.0 ¢ 

Non-ferrous, End Inlet 1 170 8.4 8.1 2-4 
Non-ferrous, End Inlet 16 84 ef 3.4 3.2 
Non-ferrous, Bottom Inlet 14 84 Sas Bol 3.2 
Cast-iron, End Inlet 4 84 Sue Sie 3.0 
Cast-iron, Bottom Inlet 4 84 Soe 3.38 3.4 
Cast-iron, End Inlet 1% 66 6.9 6.4 Gok 
Cast-iron, End Inlet 1% 71 6.6 6.3 6.0 
Cast-iron, End Inlet 1% 170 4.3 4.5 4.7 
Cast-iron, End Inlet 1% 220 2.6 oo Sidi 


90-degree standard screwed elbow is practically equal to V?/2q, or to 
one velocity head, it is customary to express the friction heads of 
radiators in terms of the friction heads of 90-degree standard screwed 
elbows, otherwise designated as elbow equivalents. 

For example, if the friction head of a 19-in., 4-tube, 22-section 
radiator with 14%-in. connection is 2250 mi. with 63-deg. F. water 
flowing through the radiator at the rate of 1000 lb. per hr., the velocity 
of the water in the 14-in. pipe is 2.105 ft. per sec.; the velocity head 
is 0.0688 ft. of water or 826 mi. of water. The friction head of the 
radiator is therefore 2250/826 or 2.7 velocity heads, or, in other words, 
2.7 elbow equivalents. 

The friction heads for the different radiators and convectors tested, 
expressed in velocity heads, or in elbow equivalents, shown in Table 6 
for rates of flow of 500, 1000, and 1500 lb. of water per hr., were cal- 
culated from the friction heads in milinches determined by means of 
the appropriate equations developed in Sections 27-36 inclusive. 


VIII. ConcLusIoNns 


39. Conclusions —The following conclusions may be drawn as ap- 
plying to the test data and the conditions under which the tests were 
conducted: 

(1) The friction head produced by the water flowing through a 
radiator or convector may be divided into three parts, namely, the 
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friction head at inlet, the friction head at outlet, and the friction 
head. within the unit itself. Of these three friction heads, the friction 
head at inlet is the greatest; the friction head at outlet is interme- 
diate; and the friction head in the unit is the smallest except in the 
case of very long units. For the 4-tube radiators tested with Yin. 
pipe connections, it was found that the sum of the friction heads at 
inlet and outlet varies as the 2.18 power of the rate of flow of the 
water, and that the friction head in the body of the radiator varies 
directly as the length of the radiator and directly as the 1.54 power 
of the rate of flow of the water. The formula developed for this case is 


H; = 0.000395P?® + 0.001125P?-*4S (37) 
in which 
H,; = friction head in milinches of water 
P = rate of flow of water through the radiator in lb. per hr. 


S = number of sections per radiator 


(2) The sum of the friction heads at inlet and outlet in the case of 
convectors is practically the same as that for radiators, since there is 
practically no difference in the course of the water through these two 
types of units. 

(3) The friction head produced within a radiator or convector is 
determined by the shape, size, and length of the passages through 
which the water flows. 

(4) For a given rate of flow of water, the size of the connection 
has an important influence on the friction heads at inlet and outlet 
and, therefore, also on the overall friction head. For example, using 
the friction head for a 114-in. connection as the basis, the friction 
head for a 1-in. connection would be about four times as large, and 
that for a %-in. connection about twelve times as large. 

These large differences may be explained as follows. If a %4-in. 
pipe and a 1-in. pipe are to supply water to a radiator or convector 
at the same rate, the velocity of the water in the 4-in. pipe must be 
2.84 times the velocity in the 1-in. pipe; the kinetic energy of the 
water in the %-in. pipe will then be eight times that of the water in 
the 1-in. pipe. As the water enters the radiator or convector, its 
velocity is reduced and the kinetic energy of the stream of water is 
transformed partly into pressure head and partly into heat. The latter 
portion constitutes a total loss in so far as the pressure head pro- 
duced by the flowing stream of water is concerned. 
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(5) The differences between the friction heads for end and bottom 
connections of the two convectors tested were so small that they may 
be considered negligible. In both cases, the friction heads for bottom 
connections were slightly smaller at low water velocities and slightly 
larger at high water velocities. 

(6) The effect of an increase in the temperature of the water is 
to reduce the friction head in the radiator or convector. 

In the case of the cast-iron convector it was found that increasing 
the water temperature from 66 deg. F. to 220 deg. F. resulted in a 
reduction of about 40 per cent in the friction head. 

In the case of the non-ferrous convector it was found that increas- 
ing the water temperature from 68 deg. F. to 170 deg. F. resulted in a 
reduction of about 14 per cent in the friction head. 

(7) For the purpose of design, it is best to express the friction 
head of a radiator or convector in terms of elbow equivalents or 
velocity heads, as defined in Section 38. 

The value of the friction head of a radiator, expressed in elbow 
equivalents or velocity heads, ranges from about two for a short radi- 
ator with %-in. connections and a high velocity of the water to about 
six for a long radiator with 114-in. connections and a low velocity 
of the water. 

(8) The friction head of a long cast-iron convector, expressed in 
elbow equivalents or velocity heads, varies from about three for a 
convector with 14-in. connections and a high velocity of the water, to 
about six for a convector with 114-in. connections and a low velocity 
of the water. 

(9) The friction head of a long non-ferrous convector, expressed 
in elbow equivalents or velocity heads, varies from about three for a 
convector with %-in. connections and a high velocity of the water, 
to about eleven for a convector with 1-in. connections and a low 
velocity of the water. 

(10) For convectors which are shorter than those included in these 
tests, the friction heads are, no doubt, smaller than those listed in 
Table 6. : 

(11) For the majority of the cases occurring in practice, it is 
sufficiently accurate to assume the friction head of a radiator or con- 
vector as equal to that of three standard 90-degree screwed elbows, 
or to three elbow equivalents. If the water velocity, V, is expressed 
in inches per second, the friction head of one radiator or convector 
is 3.88V? milinches of water. 
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Steels, by Wilbur M. Wilson, Walter H. Bruckner, and Thomas H. McCrackin. 
1942. Highty cents. } ; ‘ 

Bulletin No. 338. Influence Charts for Computation of Stresses in Elastic 
Foundations, by Nathan M. Newmark. 1942. Thirty-five cents. ; ; 

Bulletin No. 339. Properties and Applications of Phase-Shifted Rectified Sine 
Waves, by J. Tykocinski Tykociner and Louis R. Bloom, 1942. Sixty cents. 


+Copies of the complete list of publications can be obtained without charge by addressing the 
Engineering Experiment Station, Urbana, 
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Bulletin No. 840. loss of Head in Flow of Fluids Through Various Types of 
One-and-one-half-inch Valves, by Wallace M. Lansford. 1942. Forty cents. 

Bulletin No. 341. Effect of Cold Drawing on Mechanical Properties of Welded 
Steel Tubing, by Winston E. Black. 1942. Forty cents. 

Circular No. 45. Simplified Procedure for Selecting Capacities of Duct Systems 
for Gravity Warm-Air Heating Plants, by Alonzo P. Kratz and Seichi Konzo. 1942. 
Fifty-five cents. 

Circular No. 46. Wand-Firing of Bituminous Coal in the Home, by Alonzo P. 
Kratz, Julian R. Fellows, and John C. Miles. 1942. Twenty-five cents. 

Circular No. 47. Save Fuel for Victory. 1942. Twenty-five cents. 

Reprint No. 22. Eighth Progress Report of the Joint Investigation of Fissures 
in Railroad Rails, by Herbert F. Moore. 1942. Fifteen cents. 

Reprint No. 23. Numerical Procedure for Computing Deflections, Moments, 
and Buckling Loads, by Nathan M. Newmark. 1942. None available. 

Bulletin No. 342. Pressure Losses in Registers and Stackheads in Forced Warm- 
Air Heating, by Alonzo P. Kratz and Seichi Konzo. 1942. Sixty-five cents. 

Bulletin No. 343. Tests of Composite Timber and Concrete Beams, by Frank 
E. Richart and Clarence B. Williams, Jr. 1948. Seventy cents. 

Bulletin No. 344. Fatigue Tests of Commercial Butt Welds in Structural Steel 
Plates, by Wilbur M. Wilson, Walter H. Bruckner, Thomas H. McCrackin, Jr., and 
Howard C. Beede. 1943. One dollar. 

Bulletin No. 345. Ultimate Strength of Reinforced Concrete Beams as Related 
to the Plasticity Ratio of Concrete, by Vernon P. Jensen. 1943. Seventy cents. 

Bulletin No. 346. Highway Slab-Bridges With Curbs: Laboratory Tests and 
Proposed Design Method, by Vernon P. Jensen, Ralph W. Kluge, and Clarence B. 
Williams, Jr. 1948. Ninety cents. 

Bulletin No. 347. Fracture and Ductility of Lead and Lead Alloys for Cable 
Sheathing, by Herbert F. Moore and Curtis W. Dollins. 19438. Highty cents. 

Reprint No. 24. Ninth Progress Report of the Joint Investigation of Fissures in 
Railroad Rails, by Norville J. Alleman, Ralph E. Cramer, Russell S. Jensen. 1943. 
Fifteen cents. 

Reprint No. 25. First Progress Report of the Investigation of Shelly Spots in 
Railroad Rails, by Ralph E. Cramer. 1943. Fifteen cents. 

Reprint No. 26. First Progress Report of the Investigation of Fatigue Failures in 
Rail Joint Bars, by Norville J. Alleman. 1943. Fifteen cents. 

Reprint No. 27. A Brief History of Lime, Cement, Concrete, and Reinforced 
Concrete, by Jasper O. Draffin. 1948. Fifteen cents. 

*Bulletin No. 3848. Fuel Savings Resulting From Closing of Rooms and From 
Use of a Fireplace, by Seichi Konzo and Warren 8. Harris. 1943. Forty cents. 

*Bulletin No. 349. Performance of a Hot-Water Heating System in the 
I=B=R Research Home at the University of Illinois, by Alonzo P. Kratz, Warren 
8. Harris, Maurice K. Fahnestock, and Ross J. Martin. 1948. Seventy-five cents. 

*Circular No. 48. Magnetron Oscillator for Instruction and Research in Micro- 
wave Techniques, by J. Tykocinski Tykociner and Louis R. Bloom. 1944. Forty cents. 
_ *Bulletin No. 850. Fatigue Strength of Fillet-Weld and Plug-Weld Connections 
in Steel Structural Members, by Wilbur M. Wilson, Walter H. Bruckner, John E. 
Duberg, and Howard C. Beede. 1944. One dollar. 

*Bulletin No. 351. ‘Temperature Drop in Ducts for Foreed-Air Heating Systems 
by Alonzo P. Kratz, Seichi Konzo, and Richard B. Engdahl. 1944. Sixty-five cents. 

*Bulletin No. 352. Impact on Railway Bridges, by Charles T. G. Looney. 1944. 
One dollar. 

*Bulletin No. 853, An Analysis of the Motion of a Rigid Bod 
miei ale 1944. Highty cents. : beast shigese! Si 

ircular No. 49. The Drainage of Airports, by W. W. Horner. 1944. F% 

*Bulletin No. 854. The Viscosity of Gas a High Pressures, b na aw 

: g , by Edward W. 
Comings, B. J. Mayland, and R. 8. Egly. 1944. Seventy-five cents. 

_*Bulletin No. 355. Fuel Savings Resulting From Use of Insulation and Storm 
Ea a ee P; ee and Seichi Konzo. 1944. Forty cents. 
ircular No. 450. ibliography of Electro-Organi i 
Swann, Jr. 1944. One dollakat ow cane ee 
ulletin No. 356. Heat Emission and Friction Heads of Hot-Water i 
and Convectors, by Frederick E. Giesecke and Alonzo P. Kratz. 1945. rae pe 


*A limited number of copies of bulletins starred are available for free distribution. 
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4 \ Colleges and Schools at Urbana ees lion x 


_ CoLLece or Liperat Arts anp. Scrences.—Curriculum in’ the Division of General. Ne 

he Studies; general curriculum with majors in the humanities and sciences; specialized y) 
curricula in chemistry and chemical engineering; general courses preparatory to the 
_ study of journalism, law, medicine, and dentistry. - : 


CoLLEGE oF ComMERCE AND. Business ApMINISTRATION.—Specialized curricula in ac- 
/. countancy, banking and finance, commerce and law, commercial teaching, economics, | 
_ industrial administration, management, marketing, and public affairs, 


COLLEGE OF ENGINEERING.—Curricula in aeronautical, agricultural, ceramic, chemical, civil, . 
' electrical, general, mechanical, metallurgical, mining, and public health engineering. | 


CoLLEGE OF AGRICULTURE—Curricula in agriculture, dairy technology, floriculture, home ~ j 
economics, and vocational agriculture; pre-professional training in forestry. amie isa 


é COLLEGE OF Epucation.—Curricula in education, agricultural’ education, home econom- 
ics education, and industrial education. The University High School is the practice ye 3 
_ school of the College of Education. 


CoLLecE oF FINE AND AppLiep Arts.—Curricula in architecture, art, landscape: archi- 
tecture, music, and music education. ( ish Rh SL Ese 3 


( ’ \ fj 
CoLLecE of Law.—Professional curricula in law. H i a yn 
COLLEGE OF VETERINARY MEDICINE AND SuRGERY.—Establishment approved June 1, 1944. \. 


ScHOOL or JoURNALISM.—Editorial, advertising, and publication management curriculafor 
juniors and seniors; two-year emergency curriculum for freshmen and sophomores. = 


ScHoot oF PHysicaL Epucation.—Curricula-in physical education,’ it 
Lrsrary ScHoot.—Curriculum in library science for college graduates. a Pe 
GraDUATE ScHoo..—Advanced study and research. ° mek Ba Re Sse a 
Division of Special Services for War Veterans—Programs of study for returning war 
veterans. mst cae 
Summer Term —Courses for undergraduate and graduate students. Ay xt 


University Extension Division—Courses taught by correspondence, extramural courses, | long 
science aids service, speech aids service, and visual aids service. 


Colleges in Chicago 
CotLece or DentTIstry.—Professional curriculum in dentistry. 


CoLLEGE or Menicine.—Professional curriculum in medicine; 
curriculum in occupational therapy, 


“COLLEGE oF PHARMACY.—Professional curriculum in pharmacy.’ 


University Experiment Stations, and Research and | | Nees 
pM Service Organizations at Urbana Ma) A ft 


AGRICULTURAL EXPERIMENT STATION BurEAU OF COMMUNITY PLANNING 
ENGINEERING EXPERIMENT STATION BurEAU OF EDUCATIONAL RESEARCH 
EXTENSION SERVICE IN AGRICULTURE BuREAU OF INSTITUTIONAL RESEARCH 
: ‘AND Home Economics PERSONNEL BUREAU 
BuREAU OF ECONOMIC AND RAvio Station (WILL) 
Bustness RESEARCH University oF ILttnots' Press 


State Scientific Surveys and Other Divisions at Urbana 


Strate GEOLOGICAL SURVEY State Dracnostic Lazsoratory (for 
-Srate NaturAL History SuRvVEY Animal Pathology) 
‘STATE WATER SURVEY U. S. RecIonaL SoyBEAN LABORATORY 


For general catalog of the University, special circulars, and other information, address 
Tue REGISTRAR, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


